Rapid (0.3 Hz) imaging of gastroduodenal motility in both transverse and coronal planes was achieved by respiratory gating to the imaging frequency, allowing repetition rates of up to 20 frames per minute for [2] [3] hours. Fast replay of stored images, to produce a 'movie loop', allowed identification of fasting motility patterns of the gastric antrum and proximal small intestine, with depiction of the phases of the migrating motor complex. Images of the fed patterns after the ingestion of a test meal showed good separation of solid and liquid particulate matter and mixing waves in the gastric body. The potential for quantitative measurements with this new imaging modality of the gastrointestinal tract is under development, which will allow us to measure transit and correlate this with motility data. (Gut 1993; 34: [848] [849] [850] [851] [852] In the last decade magnetic resonance imaging (MRI) beating heart are more difficult to obtain and require synchronisation of the MRI scanner with, for example, the QRS signal of the ECG waveform. Abdominal imaging so far has been disappointing because of the aperiodic motion of the gut wall and its contents. This results in image artefacts and blurring of the spatial detail of the organ. 4 Investigators have resorted to paralysing the smooth muscle with spasmolytics to obtain artefact free images of the gastrointestinal tract. This prevents, however, dynamic studies of peristalsis and motility patterns, an area of great interest at the present time.
Gastrointestinal tract imaging has been achieved using the Prolonged monitoring ofthe uppergastrointestinal tract using echo planar magnetic resonance imaging duration blips. These two gradients effectively define the coordinate structure of the image in the x-y plane. The strengths and modulation periods define the in-plane pixel resolution.
The effect of these gradients is to cause the nuclear magnetic resonance signal to form a series of spin echoes. These signals are sampled, Fourier transformed, and after data reordering, are presented to an image display device. The initial data sampling period is typically 128 ms for abdominal images. The Fourier transform times depend on the computer used, but in our case can take around 100 ms. The display refresh time is around 80 ms which limits our real time frame rate to a maximum of three frames per second. In our current work, however, we run somewhat slower at about 1 frame/2 secs.
The MBEST technique is a variant of echoplanar imaging and currently produces images with an in plane spatial resolution of 3 and in a healthy state, were studied. Subjects gave written informed consent after ensuring that they had no metal implants or foreign bodies (metal implants, excluding dental fillings, will degrade the potential images obtained using MRI). All subjects were given 11 of tap water before imaging, the water acting as a positivethat is, bright contrast medium, to outline the gut lumen without affecting motility state.'0
Images were obtained from all subjects lying supine, within the scanner, in the transverse or coronal planes at the level of the gastric antrum. The best image resolution was obtained from transverse images because of the orientation of the resonance frequency coils. We felt, however, that coronal imaging might give more detailed information regarding the anatomical detail of the antropyloric region and therefore attempted to image in the coronal plane using reorientation of the nuclear magnetic resonance signals by signal processing methods. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] cycles per minute in the duodenum in man) and followed by a new phase I. These patterns of contractile activity occur in all healthy subjects and are normally recorded with tube mounted pressure sensors.
The fed state replaces fasting activity during ingestion of a nutrient meal and this motility state was also examined using the MBEST scanning technique. After a variable period of fasting recording, depending on the assessment of the occurrence of a phase II1, subjects were given an egg and mayonnaise sandwich, to stimulate the fed pattern. The meal was given with an additional volume of 500 ml water and Figure 1 shows transverse images through the abdomen of a volunteer in the fasted state at the height of the gastric antrum. This series of frames was taken during a 90 minute period; the subject was given 1 Figure lB represents phase II of the migrating motor complex and depicts periods of intermittent antroduodenal activity interspersed with quiescent periods. The figure shows two such quiescent/active cycles. On viewing the whole sequence as a video movie the phasic pattern is more obvious. This pattern occupied 45 minutes of the total sequence which approximates to the phase II period in conventional studies. Swirls of activity, denoting movement of the gastric content can be seen in the fundus in some of the frames. Figure 1C represents the final 10 (Fig 2) and female (Fig 3) volunteer. The images were taken in the coronal plane with a repetition time of 5 seconds and represent fasting (A) and fed (B) activity. Morphologically the stomach is similar to that seen with a conventional anterior/posterior view barium meal. Because coronal images are derived from the transverse plane by signal processing, the resolution is influenced by susceptibility artefacts. These can be seen as 'ripples' within the image and reduce the clarity in some frames. Figure 2A depicts alternative frames from the 13 to -the 17 minute of a 20 minute fasted sequence after preloading with 1 1 of tap water. The lumen of the stomach appears bright with a near homogeneous content because of the long T2 of the water. In this subject the stomach is crescent shaped and the pylorus can be seen as an incisure at its distal end (arrowed). Contractile changes in the stomach wall can be seen throughout the sequence, depicting mixing waves and fasting phasic contractions. Fast video replay of these frames illustrate the contractile activity more clearly than the freeze frames of this figure. Figure 2B depicts a similar sequence after ingestion of the egg sandwich. The stomach now appears more distended when compared with the fasted sequence and powerful pyloric contraction can be seen (arrowed). This four frame sequence is equivalent to 20 seconds real time thus giving a contractile frequency of 3 per minute, the reported maximum rate in man. In the first frame, individual dark particles of the sandwich show clearly in the fundus and body. Later in the sequence the gastric contents take on a slightly more homogeneous quality, which may be caused by a reduction in particle size, although more prolonged imaging would be required to confirm this conclusively.
Figures 3A and 3B illustrate a similar sequence in the female subject. The stomach in this subject is pear shaped, with good resolution of the antrum and pylorus. Frames showing definite antropyloric contractions are arrowed. The fed sequence (Fig 3B) again shows marked antropyloric activity but little apparent particle reduction or gastric emptying of the meal.
Discussion
This paper has shown the feasibility of using echo-planar magnetic resonance imaging for prolonged imaging of upper gastrointestinal motility. The 
